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INTRODUCTION
The main purpose of this paper is to study the structural lineaments of the Pantanal extracted from CBERS-2B satellite images (Wide Field Imager sensor -WFI) combined with field information, and to investigate possible relationships between the structural directions thus obtained and the reactivation of the basement structures.
Besides the identification of geological structures, another purpose of this study is the utilization of free satellite images and a free software in order to evaluate their potential as structural analysis tools.
In the present work we identified three main lineament directions: NE, around N-S, and E-W. The first two structures are older and related to reactivations of basement structures. The youngest E-W developed from the end of the Cenozoic to the Quaternary.
In this paper the term lineament is used according to the definition of O' Leary et al. (1976) , "mappable linear surface features which differ distinctly from the patterns of adjacent features and presumably reflect subsurface phenomena".
The study area encompasses not only the Pantanal but also the surrounding Precambrian rocks and the northwestern margin of the Phanerozoic Paraná Basin.
Pantanal is a plain humid area situated in the middle of the South America Plate. Due to its biodiversity, which is one of the largest in the world, it is considered part of the human patrimony. The origin of the Pantanal Basin is still not well understood and if on one hand it is possible to attest a tectonic origin for the Pantanal basin, on the other hand, the main structural systems have not been made available in the scientific literature. Thus, the aim of this work is to present the main Pantanal structural systems compiled from photointerpretation of remote sensing images checked against field data.
GEOLOGICAL SETTING
In his pioneer work on the Brazilian and South American tectonics, Almeida (1967) describes two regions that were the sites of sedimentation on the South American Platform during the Quaternary: the Amazon and the Pantanal basins.
The Pantanal is nowadays a region of intense sedimentation, even in human terms (Ab'Saber 1988 , 2006 . Despite the alleged stability during the Cenozoic, the Pantanal Basin shows several evidences of recent and current tectonic activities (Assine 2010 , Assine and Soares 2004 , Hasui 1990 , 2010 , Assumpção and Suárez 1988 , Assumpção et al. 2009a , b, Facincani et al. 2011 , zani and Assine 2011 . Riccomini and Assumpção (1999) explain that the concept of tectonic stability has long prevailed for most of the South American Platform. Therefore, the investigation on the Quaternary tectonics in Brazil has begun only in the 1990's. Assine (2010) considers the Pantanal as a tectonically active sedimentary basin, with many of its morphological features resultant from a paleogeographic evolution conditioned by climatic and tectonic changes that have occurred since the late Pleistocene to the present day. The author points out to the presence of active faults within the Pantanal Basin and considers that many of them are related to the Transbrasiliano lineament.
Pantanal has been considered a seismic region at least since the beginning of the twentieth century (Branner 1912) . Even being inside the South American plate neotectonic activities have been documented, even including several earthquakes records (Assumpção et al. 2009a , Facincani et al. 2011 .
zani and Assine (2011) present the results of the systematic mapping of the Taquari River megafan paleochannels using remote sensing images and conclude that there are areas under the influence of recent tectonic movements.
Ruellan (1952 , apud Ab'Saber 1988 is the first to identify the physiographic feature containing the Pantanal depression and called it an inlier: a geomorphological term used to describe an inversion of the relief. It is represented by a wide arcuate shield (called "aboboda") formed by Precambrian terrains excavated by erosional processes, which in this case ended up forming the depression occupied by Pantanal Basin.
The relief of this region originated in the late Cretaceous, when there was no Paraguay depression. Instead, there was an elevated region between the Andean region and the northwestern portion of the Paraná sedimentary basin (Almeida 1965) . In the region that nowadays corresponds to the Upper Paraguay hydrographic basin major faulting took place, affecting the Precambrian rocks. The Upper Paraguay hydrographic basin contains the Pantanal Plain and its former rivers.
Almeida (1965) identifies a set of NNE-SSW structures affecting the Gran Chaco in Bolivia and Paraguay and the main core of the Brazilian Upper Paraguay river basin, representing two separated tectonic compartments, limited by the hills along the border between Brazil and Bolivia. So the Post-Cretaceous and Pre-Pliocene tectonics may have been wider and more complex than the residual tectonics that has been responsible for the generation of the Pleistocenic Pantanal Basin.
According to Ab'Saber (1988 , 2006 , the Pantanal formed in the Pleistocene was the result STRUCTURAL LINEAMENTS IN PANTANAL of a regional system of faults forming a graben system inside the boutinière.
The regional context is represented in Figure  1 
MATERIALS AND METHODS
Over a false color composition of a CBERS-2B Satellite image, WFI sensor (Instituto Nacional de Pesquisas Espaciais (INPE), 2008a, b), the main lineaments were identified and vectorized on screen by means of the Quantum GIS Software (OSGeo 2011). The Quantum GIS Project, supported by the Open Source Geospatial Foundation (OSGeo), is currently developing a user friendly Open Source Geographic Information System (GIS) licensed under the GNU General Public License. It is a free software and can be customized freely. It runs on several operating systems and supports numerous vector, raster, and database formats and functionalities.
The WFI (wide field imager) images, available for free download from the INPE website, have 260m spatial resolution and two channels in the red and near infrared spectral regions. The third band used to create the false color composition is the NDVI (Normalized Difference Vegetation Index), derived from the red and infrared channels.
One interesting characteristic is that WFI sensor with its 890 km wide scanning range allows to view large portions of viewed land cover at once, allowing large portions of land cover to be viewed so that the whole Pantanal is sampled in only two scenes of the same date. Other sensors, like Landsat TM or ETM+, for example, would capture the same land area in at least 48 days. The resulting mosaic would show differences in the vegetation cover due the humidity and phenology, whereas this bias is negligible in the WFI images obtained on the same day.
The dry season, due to hydric stress, causes a decrease of chlorophyll in vegetation and consequent changes in the spectral response of the land cover in the satellite images. The rainy station also causes variations in the land cover, mainly through flood pulses. Images from rainy and dry seasons were compared in order to depict possible differences due to seasonality and define the correct location of the photointerpreted lineaments.
The images were used in compliance with PROBIO (official limits established by the Brazilian Ministry of Environment for the Pantanal, published in Silva and Abdon 1998) and also the official limits of the Upper Paraguay river hydrographic basin.
The Brazilian Geological Survey (CPRM -Schobbenhaus and Bellizzia 2001) has also geological maps for the Pantanal surrounding region focusing on prospecting, ruling out the Pantanal Basin, which is of Cenozoic age. However, the map of lineaments generated by CPRM for the surrounding area was used in the analysis of the photointerpreted structures. There are about a dozen CPRM maps of that cover the Cenozoic Plain of Pantanal (Figure 2) .
Field control was carried out in two field trips, the first in July, 2011 and the second in August, 2011, in order to check the structural data compiled from the images. The southern and eastern borders of Pantanal were covered during these trips, totaling more than 300 ground control points.
during the field works the physiography of the terrain (breaklines) was analyzed and the directions of the rock bedding were obtained by means of the geological compass. The vectors of the structural lineaments were checked against a road map to avoid misinterpretations.
RESULTS AND DISCUSSION
The structures compiled by means of photointerpretation of the CBERS-2B satellite image are presented in Figure 3 . Three main systems are distinguished:
-An almost NS, NNE/SSW-trending system that encompasses the eastern edge of the Pantanal Basin, coinciding with the western boundary of the Paraná Sedimentary Basin. This direction also controls the Paraguay River on the western borderline of the Pantanal Basin.
STRUCTURAL LINEAMENTS IN PANTANAL
-Two lineament systems, a main NE-SW and a secondary NW-SE compose the second system.
-The third system trending EW is situated on the southern edge of the Pantanal Basin, being well marked between the alignments of the Negro River and the Tucavaca lineament. It is also visible on the middle of Pantanal. NE and NW lineaments are long (over 50 km), continuous, and extremely straight, penetrating the Pantanal region and the adjacent regional tectonic units. Lineaments with these same directions, but with smaller length, occur on the eastern edge of the Pantanal Basin.
The lineaments following NS structures are also persistently continuous in the images. Nonetheless, The comparison between the data for the Pantanal Basin and the surrounding area, taking into account the correspondence with the direction and length of the lineaments, is shown in Figure 4 . 
There is a good correlation between these diagrams for each area. There is a meaningful difference between the two areas. The directions in the area of the Pantanal Basin are concentrated around ENE and WNW, whereas there is a great dispersion of surrounding data in the rose diagrams, which show a main concentration around NE and another around NS. The NNE/SSW lineaments found in this work could be associated with the initial phases of the opening of the Pantanal Basin before the Pleistocenic deposition, according to the model proposed by Almeida (1965) for the Pantanal Basin, corroborated by Ab 'Saber (1988 'Saber ( , 2006 .
In the central region of Brazil the directions associated with the N45E directions according to Hasui (1990) may be associated with neotectonic activities and to the Transbrasiliano Lineament (Schobbenhaus et al. 1975 ), a Neoproterozoic brittle structure with reactivation phases in the Paleozoic, Mesozoic and Cenozoic. According to Soares et al. (1998) , Assine and Soares (2004) and Facincani et al. (2011) , these structures played a significant rule on the evolution of the Pantanal Basin.
These structures are visible not only in the Pantanal Basin, but also crossing its limits towards the Precambrian, Paleozoic and Mesozoic terrains arround the basin. This means that there has been reactivation of these structures in different geological periods.
920
ANTONIO C. PARANHOS FILHO et al. Riccomini (1989 Riccomini ( , 1995a proposed a stress field with σ1 oriented to EW during the Cenozoic. For some authors this same stress field persisted during the Quaternary and continued until the present time (Assumpção 1992 , Lima and Nascimento 1994 , Riccomini 1995a .
It is important to observe that the field control showed that the structures observed in the images match with positive and negative physiographic breaklines on the terrain ( Figure 5) The presence of structures with the magnitude of those found in the Pantanal Basin is associated with active tectonics or reactivation as this basin is filled with recent and immature sediments that can be easily remobilized by the basin fluvial systems, thus masking the structural system. Some sort of structural control must exist to keep these lineaments visible and controlling the drainage under an intense depositional regime.
CONCLUSIONS
The results of this study are similar to the data obtained by the Geological Survey of Brazil in the area surrounding the Pantanal Basin. They only differ in the smaller dispersion of the data and the concentration of the main lineament directions. In the area of the Pantanal, directions are concentrated around ENE and WNW, whereas in its surroundings they are concentrated around NE and NS.
The NE, NW and NS tectonic directions charac terized in the Pantanal region have been reactivated since the late Pleistocene to the present day and they correspond to the general structural pattern present in basement rocks.
Special exception for EW structures, which are newer than the others, as well as the sedimentary sequence of the Pantanal Basin. Although many authors consider the NE structural directions of the Pantanal Basin to be related to the reactivation of the Transbrasiliano Lineament, the EW stress field produced in the South American Plate during the late Pleistocene to Quaternary may also be responsible for such reactivation.
The Pantanal corresponds to a tectonic basin elongated in the NS direction, whose evolution and tectono-sedimentary deformation are probably related to the Andean convergence, including the EW structures, younger than the stratigraphic succession of the Pantanal Basin. The structural directions NE, NW and EW are responsible for controlling the main rivers that currently drain the Pantanal plain.
Concerning the methodological aspects of this work, the application of a free software and free images is recommended for further environmental studies. 
